425 T1rho ASSESSMENT OF HUMAN CARTILAGE IMPACT INJURY MODEL  by Thedens, D.R. et al.
S226 Poster Presentations
(GAG) in cartilage, whereas transverse relaxation time (T2) map-
ping is sensitive to the integrity of the collagen network structure,
collagen concentration, and water concentration in cartilage. As
GAG and collagen are the two major solid constituents of articu-
lar cartilage, monitoring them with these techniques is useful for
determining the quality and function of cartilage.
The aim of this study was to establish an in vitro quantitative
MR imaging technique of 3D tissue engineered cartilage with a
combination of dGEMRIC and T2 mapping.
Methods: Chondrocytes were isolated from knee cartilage of
rabbits. Tissue engineered cartilage with different thickness of
collagen scaffold and chondrocyte concentration were prepared
(collagen sheet thickness; 1.0, 1.5, 2.0 mm, chondrocyte concen-
tration; 1.2, 1.6, 2.0 million cells/insert), and quantitative MR imag-
ing techniques was performed with a custom made micro-imaging
coil, which could kept the samples almost similar conditions to that
used for cultivation while the MR imaging.
MR imaging was performed with an MR imaging system at 1.5
Tesla. T1 measurement was performed using a fast-spin-echo
inversion-recovery (FSE-IR) sequence. T2 measurement was per-
formed using a multi-spin-echo (MSE) sequence. The histological
appearance of repair cartilage was assessed using H&E and Tolui-
dine blue staining. GAG concentration and collagen concentration,
in cartilage samples, were evaluated with high performance liquid
chromatography (HPLC). Water concentration of cartilage samples
was also evaluated.
Results: The mean T1 and T2, as well as GAG and water concen-
tration of tissue engineered cartilage were summarized in Table 1
and 2, respectively. The GAG concentration and histological ﬁnd-
ings of the tissue engineered cartilage correlated with the ﬁndings
assessed by dGEMRIC. The water concentration as well as the
hydroxyproline concentration of the tissue engineered cartilage
correlated with the ﬁndings assessed by T2 mapping.
Table 1
Cell Concentration GAG Concentration Water Concentration
(μg/mg) (%)
1.0mm 1.5mm 2.0mm 1.0mm 1.5mm 2.0mm
1.2 M 47 68 76 92 89 85
1.6 M 65 96 82 81 76 77
2.0 M 71 42 21 87 89 87
Table 2
Cell Concentration dGEMRIC (T1 ms) T2 mapping (T2 ms)
1.0mm 1.5mm 2.0mm 1.0mm 1.5mm 2.0mm
1.2 M 1109 1050 1023 62 63 52
1.6 M 1082 951 998 41 36 33
2.0 M 1048 1266 1292 58 67 70
Conclusions: There was a trend that the GAG concentration
and collagen concentration measured by HPLC in the tissue
engineered cartilage increased with the chondrocyte concentration
and collagen thickness increased. Findings evaluated with HPLC
were well correlated with the ﬁndings evaluated with qualitative
MR imaging techniques. From the results of our study, the tissue
engineered cartilage with the chondrocyte concentration of 1.6
million cells/insert and collagen thickness of 1.5 mm seemed to
have the most suitable cartilage matrix condition.A combination
of dGEMRIC and T2 mapping can be a useful in vitro evaluation
method for the quality of the tissue engineered cartilage.
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Purpose: Early osteoarthritis (OA) is characterized by proteo-
glycan (PG) loss, a biochemical change not visible on routine
MRI protocols. T1ρ is an MRI relaxation parameter inﬂuenced by
interactions between water and PG (loss of PG reduces these in-
teractions and increases T1ρ relaxation time) and shows promise
as a sensitive indicator of PG changes. The purpose of this study
was to apply a single mechanical impact model to fresh human
cartilage samples and observe subsequent PG changes, and to
assess the ability of T1ρ imaging to accurately portray the time
course of this PG depletion.
Methods: Four 1-cm wide osteochondral specimens (tibial
plateau, 2 medial, 2 lateral) were taken from a fresh above-
knee amputation of a 50-year-old male with no history of OA.
Three specimens were subjected to a single mechanical impact
from a drop tower at 5 cm, yielding an impact of 2.47 J/cm2. The
fourth served as the control. All specimens were serially imaged
on day 1, day 3, and day 6 after impact with T1ρ imaging on a Var-
ian INOVA 4.7-T scanner. Imaging utilized a fast spin-echo pulse
sequence with a T1ρ preparation block (+90° × pulse, 1000 Hz
spin lock, -90° × tip-up pulse, crusher gradient) at seven spin lock
durations. Pulse sequence parameters included TR/TE=4000/11
ms, echo train length of 4, and 512×128 matrix, generating im-
ages with 0.15mm in-plane resolution and 1.5mm slice thickness
with spacing of 2-3mm between the two slices collected for each
specimen. Nonlinear curve ﬁtting computed T1ρ relaxation maps
for all slices. At day 6, each specimen provided 5-6 samples for PG
assay and safranin-O staining to determine PG content. Histology
slides were registered with regions of interest (ROIs) on the ﬁnal
T1ρ maps for direct comparison of PG and T1ρ.
Results: Figure 1 displays T1ρ maps for one impacted specimen
on all three days. The increase in T1ρ time suggests early loss of
PG, veriﬁed by biochemical assay. Figure 2 shows ROIs for T1ρ
and PG measurements at day 6 in an impact and control specimen.
All ROIs of the impacted specimen demonstrated reduced PG
content and increased T1ρ relaxation time compared to control.
Figure 3 compares PG content and T1ρ relaxations for all 18
samples and ROIs where PG content was available. T1ρ relaxation
times correlated signiﬁcantly with PG content, with increased T1ρ
corresponding to reduced PG content 6 days after impact.
Figure 1. T1ρ maps acquired from an impacted sample over a six day period.
Increasing mean T1ρ relaxation time by day 6 suggests overall PG depletion in
the sample.
Figure 2. Regional T1ρ times at day 6 and corresponding PG measurements for
control (top) and impacted (bottom) samples.
Conclusions: The signiﬁcant correlation between T1ρ relaxation
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Figure 3. Comparison of T1ρ relaxation and PG content from biochemical assay
in 18 cartilage regions.
times and PG content suggests that T1ρ imaging can assess PG
depletion from mechanical impact. Evidence from the T1ρ maps
indicates that changes in PG content manifest within a few days
of injury. The ability to follow the time course of PG depletion
noninvasively may make T1ρ an important imaging biomarker
for assessment of cartilage degradation in early stages of OA.
Noninvasive MRI techniques such as T1ρ imaging can generate
quantitative measurements of cartilage function, potentially provid-
ing more objective early stage appraisals of injury and OA along
with follow-up treatment modalities.
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Brigham and Women’s Hosp., Boston, MA
Purpose: Quantitative cartilage morphometry is a valuable tool to
assess OA progression, however we believe that these methods
are not fully exploited when measures of total or sub region
volume are used. This abstract describes the evaluation of a
semi-automated cartilage segmentation software tool capable of
quantifying cartilage loss in a local indexed region to examine
change in cartilage morphometry longitudinally.
Methods: The study used the baseline and Year 2 follow up visits
of twenty-four subjects from the Osteoarthritis Initiative (OAI),
using the KL score of 3 at baseline as the inclusion criteria. The
DESS (sagittal, 0.365 mm × 0.365 mm, 0.7 mm slice thickness, TR
16.5 ms, TE 4.7 ms) images were obtained on a 3-T Siemens Trio
MR system. One independent reader (HY) marked a single region
of local thinning on a randomly selected time point for each subject.
Three additional readers (TI, RB, and AW) segmented the cartilage
using the software method. For each subject, segmentation of one
3D-image series was ﬁrst performed and then the corresponding
series were segmented by viewing both image series concurrently
in two adjacent windows. The reader could adjust the slice location
of the pairs so that approximately matching slices from each
data sets were displayed together. The readers were blinded to
time point. Each baseline-24 month segmentation pair was then
registered in 3D and the change in cartilage volume was measured
in a local region.
Results: After 3D registration, the change in cartilage volume was
calculated in the vicinity of the marked point. Our study examined
the volume change (V) in ﬁve regions: <5 mm, <10 mm, <20
mm, and <30 mm from the marked point and for the entire medial
compartment of femur. The responsiveness was quantiﬁed using
the mean, standard deviation (SD) of the change, standardized
response mean (SRM) values, and the percentage of subjects that
showed a loss in cartilage volume. The results are presented in
Table 1.
Table 1. Results
Region Change in V SD SRM Percentage
(mm3) (mm3)
<5 mm -26.7 34.7 -0.77 75% (18/24)
<10 mm -106.9 88.6 -1.21 92% (22/24)
<20 mm -231.7 306.8 -0.76 79% (19/24)
<30 mm -272.3 481.6 -0.57 79% (19/24)
Medial compartment femur -307.6 600.9 -0.33 83% (20/24)
The ﬁgures provide an example of the segmented cartilage after
3D registration. An ‘×’ marks the "indexed" location of thinning.
The baseline and follow-up segmented plates are shown. Addition-
ally 3D renderings of the cartilage "Gain" and "Loss" are produced
using a one-to-one voxel subtraction.
Conclusions: The results suggest that measurement of cartilage
loss in a local region is superior to larger areas and to the total
sub-plate. There also may be an optimal region size (10 mm) in
which to measure change. The results support the hypothesis that
local region measurement is superior. Furthermore we have also
demonstrated that substantial cartilage thinning can be measured
using a method where only half of the femur is segmented.
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Purpose: To elucidate if there is a relationship between struc-
tural joint damage demonstrated by high-resolution MUS, and
pain, stiffness and functional capability (WOMAC) and radiologic
abnormalities in a cohort of knee OA patients.
Methods: A cross sectional prospective study in a cohort of
knee OA patients fulﬁlling the ACR classiﬁcation criteria, with a
grade II radiologic damage according to Kellgren and Lawrence
grading system. Clinical data, physical examination, and WOMAC
OA index (0-96) were recorded. Systematic MUS of both knees
was performed with an Esaote® MyLab 70® ultrasound equipment
with a linear transducer of 10-18 MHz. A modiﬁed version of the
EULAR guidelines for musculoskeletal ultrasound was used to
obtain a total of 44 scans for each patient. Descriptive statistical
analysis with odds ratio and ROC curves was applied.
Results: A total of sixty-nine symptomatic patients were included,
with an average age of 62.8±10.1 years, 92.8% of them were fe-
male. An average body mass index of 28.1 kg/m2 (18.9-42.4)
was recorded. Mean follow-up since diagnosis was 3.6±2.6
